Multiply
By To obtain cubic foot per second (ft Estimates of the magnitude and frequency of peak flows are used for a variety of purposes, such as the design of bridges, culverts, and flood-control structures, and the management and regulation of flood plains. For these purposes, peak-flow recurrence intervals generally are 50 years or greater. However, there is increasing interest in peak flows with a more frequent recurrence interval and their role in maintaining aquatic and riparian ecosystems. Of particular interest are those peak flows necessary for mobilization of streambed sediments to maintain long-term fish habitat and channel capacity.
The U.S. Forest Service (USFS) in Idaho has been involved in the quantification of instream flows as part of the ongoing Snake River Basin Adjudication, as well as for general planning and administrative purposes. One key component of instream flows proposed by the Forest Service is the high flow regime necessary to sustain long-term aquatic and riparian ecosystems. Methods used to estimate the range of flows that constitute this high flow regime include using bankfull discharge or a percentage of bankfull discharge.
Most hydrologists agree that peak flows with a recurrence interval of about 1.5 years best represent bankfull flows. Leopold (1994) stated that the recurrence interval of bankfull discharges generally ranges from 1 to 2.5 years and that the 1.5-year peak flow is a reasonable average. Similarly, a regional study completed by Castro and Jackson (2001) suggests that the average recurrence interval for bankfull flows in the Pacific Northwest States (Oregon, Washington, and Idaho) is 1.4 years, and the 1.5-year interval is suggested for use in Idaho. Emmett (1975) also found that the average recurrence interval for bankfull discharges in the upper Salmon River Basin is about 1.5 years.
Currently, peak-flow recurrence interval information is available only for gaged sites (sites where streamflow-gaging stations, or gages, have been established) that have at least 10 years of annual peak-flow record. Berenbrock (2002) developed regional peakflow regression equations for ungaged streams in Idaho; however, the minimum recurrence interval for these equations was 2 years and did not include the 2.33-year recurrence interval, which is also a standard output from the U.S. Geological Survey (USGS) floodfrequency program.
In 2003, using data obtained for Berenbrock's 2002 study, the USGS conducted a study in cooperation with the USFS to develop additional regional regression equations that can be used to estimate bankfull flows. The equations developed in this study will provide more accurate estimates of bankfull flows for ungaged streams in Idaho.
Purpose and Scope
This report documents the development of regression equations used for estimating the magnitude of peak flows with recurrence intervals of 1.5 and 2.33 years. Equations for peak flows with a 2-year recurrence interval estimated previously by Berenbrock (2002) also are presented. Data from Berenbrock's study of 333 gaging stations with at least 10 years of record through water year 1997 were used to develop the regression equations for this study. The equations are in the same format and were developed for the same regions as those provided in Berenbrock's study. Standard errors of estimates are included to help predict the reliability and accuracy of each equation.
Description of Study Area
The study area ( fig. 1 ) is the entire State of Idaho and areas of adjacent States where particular drainage basins cross over State boundaries. The adjacent States partially included in the study area are Washington, Oregon, Nevada, Utah, Wyoming, and Montana. The northern and central parts of the area comprise mainly rugged, mountainous terrain; broad plains and mildly sloping valleys and hills predominate in the south. Geologic features across the study area consist of sedimentary, igneous, and metamorphic rocks ranging in age from Precambrian to Holocene (Bond, 1978) . The granitic Idaho batholith is the major structural feature in the central part of the study area, and basalt covers much of the southern and western parts (Ross and Savage, 1967) .
Most precipitation in the study area results from storms moving inland from the Pacific Ocean. The amount of precipitation varies widely and is greatly affected by topography. Precipitation ranges from less than 10 in/yr on the Snake River Plain in south-central Idaho to 60 to 70 in/yr in the central mountains of Idaho (Molnau, 1995) . Precipitation is greatest during the winter and the most significant amounts are a direct result of orographic effects. Spring and summer thunderstorms in the southern part of the study area sometimes produce large amounts of precipitation. Resulting streamflow varies geographically and seasonally and can be affected by land use and vegetation. During much of the year, streamflow in most unregulated streams in the study area is minimal base flow; during April, May, June, and July, streamflow is significantly higher, primarily as a result of snowmelt. Occasionally during the winter months, large frontal systems carrying warmer air release moisture as rain on the snowpack and frozen ground, which results in rapid snowmelt and high runoff rates, particularly at elevations less than 6,000 ft above sea level (National Oceanic and Atmospheric Administration, 1971 ).
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PREVIOUS INVESTIGATIONS
Previous Investigations. Emmett (1975) developed equations that related bankfull discharge to other channel-geometry and flow characteristics in the upper Salmon River Basin in south-central Idaho. The main assumption in the study was that river channels are shaped by the dominant flow, which was defined as the bankfull flow. Only equations for the 1.5-year recurrence interval flood (assumed to be the bankfull flow) were developed during Emmett's study. Harenberg (1980) developed several sets of regression equations for Idaho on the basis of channelgeometry and basin characteristics. He developed equations to predict the 1.25-, 2-, 5-, 10-, 25-, 50-, and 100-year peak flows at ungaged sites. The characteristics in the final equations were bankfull width, drainage area, and 24-hour rainfall intensity for the 2-year recurrence interval. He used fewer gaging stations than previous flood-frequency studies because channel-geometry characteristics could not be determined at every gaging station. He demonstrated that standard errors were smaller when channel-geometry variables were included with basin characteristics in regression equations, but standard errors in his study were 20 to 30 percent larger than those in Berenbrock's (2002) study; Berenbrock's dataset was approximately twice as large as Harenberg's. Regional regression equations for estimating streamflow statistics in the Western United States were developed by Hedman and Osterkamp (1982) . The regression equations were developed for various streamflow statistics using channel geometry. However, data from only three gages in Idaho (located on tributaries to the Snake River) were used in their analysis.
COMPILATION OF DATA
Compilation of Data.
All data used to develop regression equations for estimating peak flows with recurrence intervals of 1.5 and 2.33 years were obtained from the report by Berenbrock (2002) . These data consisted of basin and climatic characteristics and peak-flow records for each of the relevant gaging stations. In addition, the regional boundaries determined by Berenbrock (2002) also were used in this study.
Basin and Climatic Characteristics
Use of the same independent variables in each of the peak-flow equations for a specific region ensures that the correlation structure among the streamflow statistics for each region is preserved so that estimates of the statistics are stable and consistent (Haan, 1977) . For this reason, equations developed in this study use the same independent variables (basin and climatic characteristics) as the equations developed by Berenbrock (2002) for each region. Thus, the same seven basin and climatic characteristics used by Berenbrockdrainage area (DA), mean basin elevation (E), forested area (F), mean annual precipitation (P), basin slope (BS), north-facing slopes greater than 30 percent (NF30), and slopes greater than 30 percent (S30)-also were used in this analysis. Data sources used to obtain these characteristics are listed in 
Peak-Flow Data
Peak-flow data from 333 gaging stations ( fig. 1 ; appendix B, back of report) with at least 10 years of record through water year 1997 (Berenbrock, 2002) were used in this analysis. These data represented naturally occurring flows that were not affected by regulation or large irrigation diversions. Most data were from continuous-record sites where stage is recorded at a fixed interval, typically ranging from 15 to 60 minutes. Some data were collected at crest-stage sites where only the peak, or highest stage that occurs between site visits (usually several months), is recorded.
Determination of Regions
Because of the need for stable and consistent estimates at a specific site, the same region boundaries defined by Berenbrock (2002) also were used in this analysis. This resulted in nine separate study regions and one undefined region ( fig. 2) . The undefined region is almost entirely made up of the area commonly referred to as the eastern Snake River Plain. This area includes several dams, major irrigation diversions, springs with extremely large discharges, and channel bottoms with very high infiltration rates. Because flows influenced by these conditions cannot be characterized by a regional regression approach, this area was not included in the analysis. More detailed information on how the regional boundaries were determined can be found in previous reports by Berenbrock (2002, p. 8) and Hortness and Berenbrock (2001, p. 6) .
ESTIMATION METHODS

Estimation Methods.
Regional regression equations that can be used to estimate the magnitude of peak flows with recurrence intervals of 1.5 and 2.33 years at ungaged sites were developed during this study. Equations for estimating peak flows with a recurrence interval of 2 years that were developed by Berenbrock (2002) also are included for comparison.
Regression techniques were used to define a set of predictive equations that related peak flows with recur- Undefined area 2 rence intervals of 1.5 and 2.33 years to selected basin and climatic characteristics for each region in Idaho. The initial step involved performing a flood-frequency analysis of the peak-flow data for each gaging station to determine the peak-flow values for selected recurrence intervals. Next, all the peak-flow, basin, and climatic characteristic data were transformed to base-10 logarithms to obtain a linear regression model and to achieve equal variance about the regression line. Equal variance about the regression line satisfies the basic assumption that the distribution of errors is normal and constant throughout the range (Riggs, 1968) . Prior to the transformation, a value of 1 was added to data that were a measure of percentage (such as forest cover) to ensure that no 0 values, which cannot be transformed, were present. Also, mean basin elevation (E) values were divided by 1,000 to allow for more convenient coefficients in the final equations. Finally, using the same explanatory variables for each region as defined by Berenbrock (2002) , generalized least-squares (GLS) regression techniques were used to calculate the final coefficients and measures of accuracy for the regression equations for each region. GLS techniques (Stedinger and Tasker, 1985) can account for correlation between sites, differences in record lengths, and variability of peak flows at gaged sites. These factors are accounted for by assigning different weights to each observation of the peak flow on the basis of its contribution to the total variance of the sample flow statistic. A more detailed discussion of how GLS accounts these factors can be found in Berenbrock's (2002, p. 13) report.
RESULTS
Drainage area (DA), mean basin elevation (E), mean annual precipitation (P), forest cover (F), northfacing slopes greater than 30 percent (NF30), basin slope (BS), and slopes greater than 30 percent (S30) were the explanatory variables that were included in regression equations. No equation included more than three explanatory variables, and region 7b was the only region that included only one explanatory variable (DA).
The standard error of the regression model and the average standard error of prediction also are listed in table 3. The standard error of the regression analysis (model) is a measure of how well the regression model fits the data used to construct it. This error term also is often referred to as the standard error of estimate. The average standard error of prediction is the sum of two components-model error plus sampling errorwhich results from estimating model parameters from samples of the population. The model error is a characteristic of the model and is a constant for all sites. The sampling error for a given site, however, depends on the values of the explanatory variables used to develop the peak-flow estimate at that site and, thus, varies from site to site. The standard error of prediction provides a better overall measure of a model's predictive reliability than does the model error. A more rigorous mathematical description of these errors and how to convert them from logarithms (base-10 units) to percent errors is given in a report by Pope and Tasker (1999, p. 12) .
Standard errors of the model were different for each region and for each recurrence interval (table 3) . The largest and smallest average standard errors of the model were +150 and -60.1 percent (region 7b, Q1.5) and + 42.9 and -30.0 percent (region 5, Q2.33), respectively. Similarly, the largest and smallest average standard errors of prediction were +165 and -62.2 percent (region 7b, Q1.5) and +45.9 and -31.5 percent (region 5, Q2.33), respectively (table 3) . Overall, region 5 equations would be expected to have the smallest error and region 7b equations would be expected to have the largest error. The larger errors associated with the region 7b equations likely result from use of a small number of gaging stations (17) in a region of more diverse geology, which can have unknown effects on small peak flows.
LIMITATIONS
Limitations.
The average standard errors of prediction given in table 3 represent the general measure of how well the regional regression equations will estimate peak flows when they are applied to ungaged sites. The accuracy of the equations will be reduced if the values of explanatory variables are outside the range of the values used to develop the equations. The magnitude of this reduction in accuracy is unknown. Standard errors of prediction vary from site to site, depending on the values of the explanatory variables for each site. The standard errors of prediction will be smaller for sites where values of the explanatory variables are near the mean of their range. If the value of an explanatory variable used in the regression equations is near its extreme (maximum or minimum, appendix A), the equations might result in unreliable and erroneous estimates. For example, figure 3 shows a "cloud of common values" for the two explanatory variables used in regression equations for region 3. If the maximum value for drainage area and the minimum value for mean basin elevation were used, this combination would plot outside the cloud of common values and, thus, any equations used might result in unreliable estimates. Generating basin characteristic values using source datasets or methods other than those described in this study also will result in estimates of unknown reliability. The standard errors for each equation are applicable only if the datasets presented in table 1 and methods described in table 2 are used to obtain the required basin characteristics.
The regression equations are not applicable for streams that exhibit significant gains and (or) losses as a result of flow from springs or seepage through highly permeable streambeds. The equations also are not applicable for streams affected by irrigation diversions or large dams that regulate streamflow. The Boise River downstream from Lucky Peak Lake, the Clearwater River downstream from Dworshak Reservoir, and the entire Snake River in Idaho are examples of stream reaches within the study area for which the regional regression equations are not applicable.
Finally, the regional regression equations might not be reliable for sites in heavily urbanized basins. Techniques for estimating peak flows for urban streams are presented in a report by Sauer and others (1983) .
APPLICATION OF METHODS
Application of Methods.
In the subsequent paragraphs, specific examples are given for calculating peak flows. The first example addresses the situation where the drainage area for an ungaged site is located completely within one region. The second example addresses the situation where the drainage area of the specified site encompasses parts of two separate regions. It is important to note that the coefficients and exponents in the predictive equations are rounded to three significant figures. Thus, the final peak-flow estimate derived from these equations will have an accuracy no greater than to three significant figures.
Example 1 A 1.5-year peak-flow estimate for an ungaged site in region 5 is needed. The required basin characteristics for region 5 regional regression equations were determined to be the following: DA = 480.5 mi 2 ; P = 28.33 in.; and NF30 = 21.5 percent. Then On the basis of the range of the average standard errors of prediction given in table 3, about 67 percent of all estimates at this site will be between 1,580 and 3,360 ft 3 /s ( -31.5 to +45.9 percent). Put another way, there is about a 67-percent certainty that the "true" value of Q1.5 is between 1,580 and 3,360 ft 3 /s. Instead of calculating these equations (table 3) manually, a computer program explained in the section titled "Computer Program for Regional Regression Equations" can be used. This computer program also calculates the error of prediction and the 90-percent confidence interval for individual estimates for each recurrence interval and for each region.
Example 2 A 1.5-year peak-flow estimate is needed for an ungaged site in region 4 with a drainage basin encompassing parts of regions 4 and 5. The procedure is similar to that given in example 1, except the regional regression equations need to be solved for each of the associated regions and the results averaged or appor- tioned according to the fraction of the contributing drainage area that is in each region (Sando, 1998) . The required basin characteristics for region 4 and 5 equations were determined to be the following: DA = 853.0 mi 2 ; P = 35.4 in.; E = 5,125.6 ft; and NF30 = 23.6 percent. The part of the drainage area in region 4 is 622.0 mi 2 and the part in region 5 is 231.0 mi 2 . 
where Q u is peak flow for the selected flood frequency for the ungaged site, Q x is estimated peak flow using the equation for the selected region, DA x is drainage area for the selected region, DA is total drainage area upstream from the ungaged site, and The regional regression equation computer program also can be used to estimate the peak-flow values in this example. The program would need to be executed twice, once for region 4 and once for region 5. Then, the average value would need to be estimated manually by weighting according to drainage area (area-weighted average), as shown in equation 4.
COMPUTER PROGRAM FOR REGIONAL REGRESSION EQUATIONS
Computer Program for Regional Regression Equations.
As part of the previous peak-flow study by Berenbrock (2002) , a computer program was adapted to calculate peak flows using regional regression equations. The program also calculates the associated site-specific errors of prediction for ungaged sites. Regression equations for 1.5 and 2.33 recurrence interval peak flows developed during this study (table 3) Berenbrock's (2002) report. This program must be executed in a disk operating system (DOS) and the user will be prompted to input data for ungaged sites.
The regional regression equations can be calculated manually, but the program allows more convenient and efficient calculation of the errors of prediction. The errors of prediction for ungaged sites are calculated by matrix algebra using the weighted matrix (X T Λ -1 X) -1 obtained from GLS analysis. Further explanation for computing the error of prediction is given in a report by Hodgkins (1999) , and the (X T Λ -1 X) -1 matrices for each recurrence interval and region are shown in appendix C of this report (back of report) and in table 9 of Berenbrock's (2002) report.
To execute the regional regression program, enter the program's name (idregeq.exe) in a DOS window. The program will ask for the name of an output file to save program results, an identifier (name and/or number) of the ungaged site, the region number where the ungaged site is located, and the value for each explanatory variable used in the region's regional regression equations. Results will be displayed on the screen, and all program results will be saved in a single output file no matter how many times the program repeats. Results from each program execution comprise calculated peak flows, site-specific standard errors of prediction (SE), and 90-percent confidence intervals for the estimates. A more detailed discussion explaining the use of the DA DA ( ) ( ) regional regression program, how to interpret the results, and cautions to be aware of can be found in the previous report by Berenbrock (2002, p. 22) .
SUMMARY
Recent increased interest in the biological, geomorphic, and environmental effects of varying river flows has highlighted the need for information regarding annual peak flows with relatively short recurrence intervals. Peak flows with recurrence intervals between 1.5 and 2.33 years, often referred to as bankfull flows, are important for mobilization of streambed sediments (cleansing), maintenance of width and depth features of the channel, and maintenance of riparian vegetation. Currently, this information is available only for gaged sites that have at least 10 years of annual peak-flow record. Berenbrock (2002) developed regional peakflow regression equations for ungaged streams in Idaho; however, the minimum recurrence interval for these equations was 2 years and did not include the 2.33-year recurrence interval. Recognizing the need for this additional information, the U.S. Geological Survey, in cooperation with the U.S. Forest Service, conducted a study to develop additional regional regression equations that can be used to estimate bankfull flows.
Basin and climatic characteristics, peak-flow records, and regional boundaries presented by Berenbrock (2002) were used in this study to develop regional regression equations for estimating peak flows with recurrence intervals of 1.5 and 2.33 years. Basin and climatic characteristics and peak-flow records were included for 333 gaging stations with at least 10 years of record through water year 1997. The State was divided into 10 regions, which included one undefined region in the area of the eastern Snake River Plain.
Because of the need for stable and consistent estimates of peak flows in each region, the same explanatory variables used by Berenbrock (2002) also were used in this study for each region. Generalized leastsquares regression techniques then were used to calculate the final coefficients and measures of accuracy for the regression equations for each region. Average standard errors of the model ranged from +150 to -60.1 percent, and average standard errors of prediction ranged from +165 to -62.2 percent. As the recurrence intervals increased, the magnitude and the range between the errors decreased. The ranges of standard errors of the model and standard errors of prediction were narrowest for region 5.
The estimating equations might not yield reliable results for sites with basin characteristic values outside of the range of values used to develop the equations. The equations are not applicable for regulated streams or those affected by significant gains and (or) losses owing to spring flow, seepage through highly permeable streambeds, or irrigation diversions.
A computer program (idregeq.exe) automates the calculations required for the regional regression calculations. Results from this program comprise calculated peak flows, site-specific standard errors of prediction, and the 90-percent confidence intervals for the estimates. 
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